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Abstract 
Although there is a large body of research into complex land-use/cover change (LUCC), the mechanisms that 
underlie land transformation are still poorly understood. To a large extent this results from the limited attention that 
has been paid to the human dimension in LUCC studies. While environmental processes are described by detailed 
and sophisticated frameworks, human behaviour has often been theorised in oversimplified ways. This paper presents 
a novel approach to the analysis of rural LUCC that integrates agent-based models (ABMs) with a multi-phase social 
survey. Findings from the application of the latter to a farming area in Switzerland are used as an illustrative example 
to support the argument for the need to obtain insights into human decision-making processes and their complex 
interactions with the locale-specific environment in order to successfully simulate LUCC. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Ecosystem changes have been taking place for billions of years [1]. The apprehension, however, that
these changes occur at the global scale, and that their magnitude and speed is unprecedented within 
human history is relatively recent [2, 3]. Natural forces that act on geological and biological processes 
were considered for a long time to be the primary drivers of ecosystem change [4, 5] and this disposition 
was reflected in the focus of environmental research which was dominated by studies on undisturbed, 
human-free nature [6].  
Since the second half of the 20th century, the parallel transformations in both natural systems and 
human societies forced the recognition of human activities as one of the most catalytic drivers of global 
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environmental change [4]. Much emphasis has been placed on the investigation of LUCC [7], which has 
likely resulted from: 
1. the high estimates of land already transformed and degraded on a global scale [8], 
2. the fact that the emergence of land-use patterns, and thus LUCC, is driven by complex dynamics 
between society and nature, namely human decisions [4], 
3. the impact that LUCC may bring about on the provision of ecosystem services, and thus on both 
the wider environment and the human well-being [9],  
4. future projections of LUCC that suggest continued rapid change [10]. 
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Numerous studies have concentrated on the observation, monitoring, understanding and modelling of 
LUCC, as well as on the assessment of its effects on both natural and social systems [11]. However, 
despite the evidence of intensive research, a complete understanding of the dynamics between social and 
natural systems [1] and more specifically of the mechanisms that underpin LUCC has not yet been 
achieved [12]. 
It is widely accepted that, to a certain extent, constraints to understanding LUCC derive from the 
analytical difficulties arising from the complexity of the natural system [7]. More recently, however, the 
limits to understanding LUCC have increasingly related to the difficulty of unravelling the perplexity of 
human decision-making processes and of introducing them effectively into ecological studies. In spite of 
the fact that the importance of the human dimension is now well-recognised, ecological research is still 
oriented towards achieving a detailed and sophisticated description of the ecological processes that take 
place between and within ecosystems, while less attention is given to the diversity and complexity of the 
human dimension, which is usually theorised in oversimplified ways based on ad hoc or ex ante 
frameworks [14, 15]. 
Anthropologists, psychologists and social scientists have long developed numerous conceptual models 
describing human behaviour in detail. Nevertheless, in LUCC studies, the mainstream micro-economic 
view, known as the ‘Rational (actor) choice’ theory, has been the most widely used theoretical framework 
for the representation of the human decision-making process [16]. Its wide acceptance may be explained 
not only by the fact that many LUCC studies originated from economics, but also, and more importantly, 
because its assumptions of perfect rationality, homogeneity and single-minded utility maximisation [17] 
offer analytical tractability [18] and allow deduction [19]. A fundamental principal when constructing a 
model is to produce a simplified representation of reality. Such an uncritical use of Axelrod’s ‘KISS’ 
principle (Keep it simple, stupid!) [19], however, neglects the complexity of human behaviour as well as 
the variation that exists in societies [15], and may produce a misleading description of reality. A typical 
paradigm comes from the studies of rural LUCC, in which land managers are often described by default 
as a homogeneous group of profit maximisers, despite the diversity of land-use patterns that implies a 
variation in their decisions. Such empirical observations in conjunction with the recent reforms in 
agricultural policies, which introduced numerous voluntary schemes, suggest the need for an explicit 
understanding of land managers’ decision-making processes. Research has shown that, although 
economic incentives greatly affect land managers’ decisions, they are certainly not the only influential 
factors [i.e. 21, 22, 24]. Similarly to theories that originate from disciplines other than economics, there 
seems to be an agreement that humans do not solely aim at profit-maximisation, but instead tend to follow 
different decision-making pathways and make sub-optimal choices [20] that are products of a complex 
web of factors; economic, demographic, social, cultural, psychological, technological, biophysical and 
ecological [i.e. 21, 22]. At present, extensive knowledge exists on the range of these factors. 
Nevertheless, there is still no consensus about the extent and the direction of their effects [23, 24]. This 
finding suggests the need for case studies, in which any attempt to understand and interpret land 
managers’ land-use decisions should take into account the socio-economic, cultural, political and 
ecological milieu of the individual area [23].  
   This paper presents a novel approach to the analysis of rural LUCC that integrates social research 
with computer science. In the following, we give an introduction to ABMs, propose a framework for 
multi-phase social survey to generate insight for the human module of the ABM and present preliminary 
results derived from the application of the first phase of the survey to a rural study area in Switzerland 
(Canton of Aargau). The analysis revealed a range of economic and non-economic incentives and other 
factors that determine land managers’ decisions in the study area and a number of implementation 
strategies and behavioural profiles, which diverge from the single-minded micro-economic view.  
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2. Methodological approach 
2.1. Agent-based models 
In the 1980s, a new analytical, computational methodology, ABMs, became widely used and the 
diversity of their applications crossed disciplinary and scientific boundaries [25]. The basic idea behind 
ABMs is the creation of agents with plausible behavioural rules within a virtual world, followed by model 
simulation and the comparison of model outputs with real world situations to test alternative formulations 
of behavioural rules [26, 27]. 
From a modelling point of view agents are software objects [19], which are represented either by 
separate programs or by distinct parts of a program [28]. In the relevant literature, however, there is no 
universal definition of the term ‘agent’ [17], although certain properties of agents have become widely 
accepted; discreteness, autonomy, goal-orientation, interaction and flexibility [19, 17]. 
Each agent has a certain set of attributes and follows specific behavioural rules, which make it 
identifiable from other agents and its environment [28]. Behavioural rules vary in complexity and 
sophistication; from primitive reactive decision rules [17] to complex behaviour, represented by artificial 
intelligence techniques [27] and learning algorithms. These rules enable agents to act independently, that 
is, there is no central direction in the model [29, 30], and, that depending on the programme architecture, 
agents can change behaviour, update their cognitive load and adapt to new conditions, through individual 
or group learning processes [17]. 
The environment in an ABM, is the platform on which agents operate and with which agents interact 
[28]. It usually represents geographical space, but, under a wider spectrum of ABM applications, it may 
represent more abstract features, such as knowledge [31]. In a similar way to the agents’ behavioural 
rules, a model can have specific rules for the environment, which govern the way it changes over time in 
response to agents’ actions [28]. 
When compared to other traditional LUCC models (e.g. statistical, optimisation, equation-based 
models), ABMs appear to have an important relative advantage. They have potential to integrate human 
behaviour into ecological studies and capture the heterogeneity of real world societies. An ABM can 
include concepts, such as ‘adaptation’ or ‘learning’ and through these, represent cross-scale interactions 
amongst agents as well as between agents and their environment [17]. Moreover, ABMs follow a bottom-
up approach, which is consistent with the assumption that complex, aggregate phenomena (macro-level) 
may be explained as emergent properties of local, self-organisation processes of a system’s constituent 
elements (micro-level) [32, 26, 33]; which is not feasible when using reductionist models that seek to use 
equations that represent the aggregate properties of a system. The antipode of this, however, is that 
although ABMs are seen as powerful tools, a number of researchers have expressed their doubts about the 
approach [27], questioning whether ABMs can really represent the complexity that characterises the 
environment, humans and their interactions, without leading to incorrect causal interpretations [34].  
In this study, we aim at the development of an ABM of LUCC in an agricultural context. The model 
consists of human and biophysical sub-modules that will simulate farmers’ decision-making processes, 
the reflection of these decisions on land-use patterns and the changes in the provision of ecosystem 
services driven by LUCC, under a range of socio-economic and climatic scenarios. 
2.2. Social survey framework 
While acknowledging that human behaviour is one of the most complex phenomena of analysis [9], we 
argue that the human module of an ABM of LUCC can be informed by applying standard and 
methodologically holistic procedures. 
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The research design proposed here is based on the ‘successive paradigm triangulation’ model. 
According to this model, quantitative and qualitative methods can be employed together in the same 
project, by serving different but complimentary purposes. This mixed design has been criticised on the 
basis that combining qualitative and quantitative research is incompatible due to their different 
assumptions [35]. However, it has also been suggested that the symbiosis of the two approaches increases 
its strength [35] and can produce robust results of high quality.  
The proposed framework we use consists of three phases; theory construction, theory testing and 
theory validation. Although several methods may be used in each of these phases, depending on the 
specific objectives of the study, in this paper, we present the methods that have been chosen to be applied 
to the present project and study area. 
2.2.1. Theory construction 
The first part of the theory construction, as used here, is dominated by methods of qualitative research 
and is exploratory in nature. It aims to elicit information from a wide range of viewpoints about 
behavioural mechanisms in a study area. In the work presented here, the focus was on farmers’ 
participation in agri-environmental schemes (AESs) and the application of organic farming (OF). 
Therefore, the aim of the survey was to identify a range of themes that represent the types of incentives 
and other factors that affect farmers’ decisional processes using semi-structured, in-depth interviews. This 
approach allows a two-way but focused exchange of information. In-depth interviews can provide 
explanations of behavioural processes, rather than simple responses, while the use of guidelines ensures 
consistency, limits human bias and increases the reliability and comparability of the data per se as well as 
its collection process. 
In the present case study, the detailed mapping of the interviewees’ farming background was used as 
the starting point of the interviews. This included questions related to the place, time and reasons why 
interviewees decided to get involved in farming activities. Further questions were structured in three parts 
relating to the farm’s status (past and present), the farmer’s land-use decisions and the farmer’s socio-
economic profile. A theoretical sampling method was used as a sampling strategy in order to 
accommodate the maximum possible variability of opinions rather than achieving a representative sample 
[i.e. 36]. 
The outcome of this approach involves theory construction based on ‘Grounded Theory’ [37], which 
underpins the development of theoretical ideas from empirical data [35]. This is an inductive approach 
that allows for results and their interpretation to emerge from the empirical data collected within the case 
study. Data collected from the interviews were grouped and subjected to qualitative thematic analysis. 
The outputs of this process were an extensive and exhaustive list of incentives and other factors that affect 
farmers’ decisions, as well as a list of implementation strategies and a set of behavioural typologies, 
providing an in-depth understanding of the behavioural profiles of the farmers in the study area. 
The second part of the theory construction method was based on conjoint analysis (CA). CA has been 
widely applied in many research fields ranging from psychology to marketing, and has recently been used 
in environmental research [38]. CA combines both qualitative and quantitative approaches. Its main 
assumption is that a decision, or preference, can be described by a set of independent attributes and their 
levels. Different types of CA exist, and the selection of the most appropriate type depends on the aim of 
the study and its overall design. In the present study, choice-based CA was applied as our aim was to 
elicit farmers’ preferences when making land-use decisions and to calculate quantitative relative weights 
for the selected economic and non-economic attributes that describe land-use decisions for the different 
behavioural types. The attributes and levels used in the CA in this study are shown in an example of a 
choice task in Table 1. These were based on the answers given by the farmers themselves, during the 
interviews; a component of the methodology that increases the relevance of the investigated attributes and 
the outcome of this analysis to the study area.  
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Table 1: Example of the choice-based conjoint analysis choice task developed for this study. 
Attributes Option 1 Option 2 Option 3 Option 4 
Farm activity Crop Livestock Manage the environment Non-food 
Required effort More work No change Less work More work 
Social feedback None Positive Positive Negative 
Environmental impact Degrade Maintain Enhance Enhance 
Level of risk Medium Low Medium High 
Change in income +10% No change -10% +10% 
2.2.2. Theory testing  
Theory testing as the second stage of the social survey framework was based on a deductive approach, 
using purely quantitative methods. In this stage, the aim was to test whether the constructed theory could 
describe the whole target population, and if so, to elicit a distribution of the farmers that belong to each of 
the constructed behavioural profiles. For this purpose, a questionnaire was developed and applied with a 
telephone survey. Questions were developed from the information collected in the first phase, allowing 
stakeholders’ participation to guide the method. Data collected from the questionnaire were analysed by 
means of factor and cluster analysis. In this way, the accuracy of the constructed theory was tested by 
examining the extent to which the latter can describe the whole target population of the study area.  
2.2.3. Theory validation 
The aim of the last phase of the survey was to validate the theoretical framework using a focus group 
on the premise that: ‘it is wise to ask people why they act or they think as they do’ [39]. A subset of 
interviewees was invited to an open discussion built around a presentation of the constructed theory. By 
allowing the interviewees to react and comment on the results of the qualitative and quantitative analysis, 
and to give feedback based on their own explanations, the constructed theory could be validated and 
further insight gained into the behaviour under study. 
2.3. Case study area 
The study area is located in the Canton of Aargau, Switzerland. It is a 99km2 north-south transect in 
the north-western part of the country and includes 13 municipalities. Farming activities constitute one of 
the primary land-uses. The average farm size, based on the collected data, is 24.4 ha. This is above the 
Swiss national average farm size; 16ha [40], implying the occurrence of structural changes similar to 
those taking place in the rest of rural Europe. 
3. Results 
Results derived from the application of the first phase of the theory construction are presented below. 
The detailed discussion or interpretation of these findings, however, is not the aim of this paper (for this 
see [41]). Instead, their presentation serves as an illustrative example of a methodologically mixed 
approach that can support the explicit representation of human behaviour in LUCC studies. 
3.1. Sample’s description  
All interviewees were male with a strong farming background. Their age ranged from 25 to 65 years 
and none was retired. All of the respondents live in the study area. Most of them own their farms (70.8%) 
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and consider farming as their primary occupation (79.2%). Mixed activities appear to be dominant in the 
area (83.3%), with 29.0% of the respondents being involved in OF and 71.0% applying at least 2 AESs. 
Non-agricultural activities, especially direct marketing, appear to be widely adopted (62.5%).  
3.2. Land-use decisions 
Tables 2, 3 and 4 provide a summary of the preliminary results revealed from the thematic analysis of 
the interviews’ texts. The identification of more than one behavioural profiles (Table 2) and one 
implementation strategies (Table 3), support the idea that farmers comprise a rather heterogeneous group 
and aim to manage multiple and, in some cases, conflicting objectives, by engaging in more than 
strategies. Factors are categorised according to the following themes: economy, society, environment, 
personality, schemes’ characteristics and others (Table 4). These findings show that although economic 
factors have undoubtedly a strong effect on farmers’ land-use decisions, there is a wide range of non-
economic factors that also are influential.  
Table 2: Description of farmers’ attitudinal profiles in the study area. 
• Hobbyist farmers consider farming as a hobby that can generate income. High profit is a desirable goal, but they are 
not willing to compromise their quality of life (mainly expressed as working hours or balance between work and 
leisure) in order to achieve this. They have financial security from other sources of income, as farming is not their 
main employment. They own rather small farms and they usually do not have a successor. They are environmentally 
sensitive and enjoy farming as an activity. 
• Business-oriented farmers are very active and responsive to economic changes (quota, subsidies, market prices etc.). 
Profit maximisation is their primary goal. They are willing to make changes to their farms as long as these are 
expected to contribute towards this goal. Level of risk aversion depends on the individual. 
• Conservative farmers express a passive behaviour. They are not keen on making changes to their farms although 
they know that there are aspects that could be improved. Profit maximisation is the most desirable goal. However, 
several factors (age, absence of successor, biophysical characteristics) act as constraints against its achievement and 
encourage ‘business-as-usual’ land-use practices. This usually decreases job satisfaction. The same behaviour may be 
expressed by farmers who are satisfied with the status of their farms (pseudo-conservative). In reality, these farmers 
are business-oriented, and they are expected to be more reactive to changing circumstances as soon as their 
dissatisfaction goes beyond a certain threshold. 
                                                                                                                                                                                        Source: [42] 
Table 3: Farmers’ implementation strategies in the study area (adapted from [43]). 
Implementation strategy Definition 
Adaptation Adaptation to global and local financial, environmental or social changes. 
Innovation Application of new practices due to financial or environmental incentives. 
Social comparison Comparison of a farmer’s previous behaviour with that of other farmers with similar 
characteristics (both in terms of farmer and farm profiles). 
Repetition Application of the same land-use practices/ farming system.  
 Source: [42] 
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Table 4: Incentives and other factors determining farmers’ land-use decisions in the study area. 
Themes Incentives 
Economy 1. Direct payments, 2. Price support, 3. Off-farm income, 4. Workforce availability 
Society 1. Social recognition, 2. Pressure from customers 
Schemes’ characteristics 1. Goodness of fit, 2. Rules and guidelines, 3. Application process,  4. Controls 
Environment  1. Local climatic conditions, 2. Farm size, 3. Slope 
Personality 1. Perceptions, 2. Risk aversion, 3. Lifestyle, 4. Environmental sensitivity 
Other 1. Family cycle, 2. Health status, 3. Tenure, 4. Information content, 5. Information timing,  
6. Channels of information, 7. Food legislation 
4. Conclusions 
This article explored some of the problems in the conceptualisation of human behaviour in LUCC 
studies. ABMs may be useful in overcoming some of these problems, but this assumes that human 
decisional processes are correctly represented. For this purpose, we proposed a multi-phase social survey, 
which engaged both qualitative and quantitative methods in an attempt to answer different research 
questions and elicit information to provide a deep insight into the complexity of human decision-making 
processes at an individual level and its heterogeneity at a group level. 
The application of the first phase of the social survey to a rural area in Switzerland was used as an 
illustrative example. Preliminary findings highlighted that conceptualisations of land managers’ decision-
making processes cannot be successfully described by solely economic frameworks such as that of the 
‘Rational actor (choice) theory’. A detailed understanding of human land-use decisions is now of great 
importance for the development of accurate conceptual frameworks of the human-environment 
interactions and thus the mechanisms that underpin LUCC. 
   Although, the amount of time and resources that are required for the application of this multi-phase 
survey is acknowledged as its main disadvantage, we argue in favour of such designs, mainly because 
they may produce reliable and comparable data, increase the quality of information used as an input to the 
model and therefore the reliability of its outcome [42]. ABMs have the potential to contribute to a better 
understanding of the mechanisms that drive land transformation and therefore inform sustainable 
management plans of land resources. However, as human decisions have a catalytic effect on the 
emergence of landscapes, the importance of their explicit representation in studies of LUCC should not be 
underestimated. 
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